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COAiPUETE SPECIFICATION 

Improvements in or relating to methods of producing Electrically 
Conductive Mouldings from Plastics 



We, N. V. Phillips' Gloeilampen- 
FABRlEKENj a limited liability Company, 
organized and established under the laws of 
the Kingdom of the Netherlands, of 

5 Emmasingel 29, Eindhoven, Holland, do 
hei^ declare the invention, for wlrich we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 

10 following statemezit: — 

This invention relates to' the manufacture of 
electrically conductive articles from plastics. 

If. conductive articles are to be produced in 
a known manner by moulding plastics Le. 

15 polymerisation and condensation products 
whether or not capable of being hardened. It 
is neces5>ary to add to the plastics a consider- 
able quantity of conductive filler, for example 
metal powder or caibon. In order to obtam a 

20 satisfactory conductivity, the conductive 
material should amount to approjomately 
50% by weight or more of the total mass. 
Due CO this, the mechanical properties of such 
mouldings, in comparison with mouldings 

25 without conductive filler, will be far worse. 
In accordance with the invention^ conduc- 
tive mouldings having satisfactory mechanical 
properties are obtained by reducing plastics 
to grains, the individual grains being pn>- 

30 vided with electrically conductive coatings 
and the powder thus obtained being subse- 
quentiy pressed to mouldings while heating. 

In this case, deformation of the plastic 
grains and consequentiy also of the conduc- 

35 tive coatings occurs, but in spite ±ereof a 
continuous network of conductive layers is 
obtained, which is comparable to a honey- 
comb. The bond between the grains is 
established, it may be assinned, by the 

40 plastics as a result of slight damage to the 
conductive coatings caused during the mould- 
ing o peratio n,.^ 



This method has the special advantage 
that, averaged over the whole mass, a 
quantity of conductive material of only a few 
per cqit. is sufficient. 

The conductivity <rf products according to 
the invention is controllable by the choice of 
the \si2e of grain of the plastics, by the thick- 
ness of the conductive coatings on the grains, 
by the choice of the conductive .material and 
of the temperature, pressiu:e and time in 
mouMing. - * ^ 

Excellent results are obtained if the plastics 
arc pulverized, to grains of 0.3 mm and 
smaller. The plastics may, for example, be 
reduced to grains by powdering or cutting, or 
again by drying drops of a solution. Alter- 
natively granuhur plastics obtained by sus- 
pension polymerisation' may .be used. 

As conductive "materials use is preferably 
made of metals such as silver and copper, or 
of carbon. ■ ' ^ 

The conductive layers may be' applied m 
many diJfferent manners onto the plastic 
grains. Silver, copper and zdckd may, for 
example, be precipitated from a solution by 
means of a r»iudng agent. As an alternative, 
the conductive , layer may be obtamed by pre- 
cipitating the oonductiye material from a 
suspension. Sometimes, for .ex^riq)le in the 
case of caibon powder and also in the' case 
of copper powder, obtained by reduction of 
copper compounds, a conductive ■ layer, may 
be obtained on the grains by carefully rubbing 
a mixture of the powders together in a dry 
state. Further, in the case of carbon, by 
mixing grains of plastic with, a suspension of 
graphite the grains of plastic may be coated 
with a kycr of graphite. The rubbing of 
carbon' and copper powders' with plastic 
grains may- be carried out, for example, in a 
ball mill: In this case it is important tiiat hard 
and heavy balls which would grind the mix- 
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•Hire are not -used. Only balls, such ais wooden bound naay be zemaved -by sieving., oiit.dr by 
balls wtUGh are soft and light osiay- be used. . shaking /out ,ydtli water.' AQal3^ jpr^ that 

.In cider that the invention, may be leadily . :.the: carbon- covered polystyrene . grains - con- 65 - 
carried int& efiect, a niunber of ez^ples wiU tained only 1>.5!% graphite .MoijJ^ at • ' 
5 now be described in detaiL- , . - a. iai^wratme of 170° C/aiid un pres- * 

EXAMPiE I. - ASiirp erf 100 kgms/cni^ yielded a. ^^d; haying : 

. ' - 15 gms. of polystyrene i'in tliei term of^-.a *' 'a spedjfic resist^ of 54pcm. . ; 

J su3)ension-pblymer with a gt?un. diamejq: --.. ^ Example V/ . * 70 

; ^proximately -0.04 mm, are trttrtedlaafit ja._^ 2^^ gins.. of aa tareafoEinaldehyde moulding. : 
. . mixture. of! 20 ccs. of a- silvering- solution ~ powder, with a grain diameter smaller, than 
. - (17.1 gms. . .of AgNOV, . :8.6. V"gms. * of ~ 0.15 • - : *: 

- ,:NaOH and 48 ccs. of concentrated ammonia -'-one hour \iath .^600: mgms. bf^ carboa powder 
. : ".per litre) .arid -l ccs. of a reducing liquid (190 v.in -a -"ball ' -niU -. \^th wooden ;balls,. sub- .75 
, V/. ;gms. cane sugatj 370 ccs. of alqohol of 96t% \ sfantially- the whole -qtiiitity ■ '• 

15. and 3 ccs.- of concentrated nitric add per - ^dsc^rbed'at the suffare^ grains. A ibd . 

- ■ i . liu-e).. After two hours ±e silvered polystyrene .i 

^' grams, are separated by^ rfiltcring.and "washed ' ''lOOO' k^ny/obq* -had A. specific resistance of ^ . " . 

^ with water, A rod moidded . * -^i, ' ' - • - = r . : SO ' 

: - at. 170" Q and under a pressure of 100' J • " "1^ " " ^ " 
. . 20' kgms/cm'. had a specific resistance of 200?!. - -~.-25: gms. - of a ^anulaf synthetic rubba* 

' Example IL-;^ niixturehavinga compoation of 200 gms. of a - / 

, - .-For coppering 4 gms. of po^maethylacrylic; copolymer of .'butaiene with'yaijy^ - ( 

-methyiester widi a grara- diameter "of. 1 5^ -i^ gms.-: of zinc, oxide, 3 gmsr of tetramethyl 85 

• - ; .microns, lise; is made- of Ja-mixture of three thiufam disulphide,- 2.5 . gmS; of- -iulphuis- 1 ^ 

25 , solutions A, B and C in. quanting- of 13 ccsi,' gm. of '-siiearie-^dd>^'50V'-gms ; : - ..u 

.; - "53 '.ccs:.;. and, 40 ccs; '- respectively. The com^ phthalate are carefully -;rubbed" mgethej-. with '. . 

position of solution A -is .50 -^s^^ 2.5 gjns.: graphite -powdd^ nr a baU.^^^^^ 

. - acetate, 200' ccs.- of concentrated ammonia, 260 ' wooden balls.- vVulcraisatipn - of Jhe- 96 . i 

:ces. of -distiUed water; -that of solution B is", coated -grains imdcx-a-preskife joflOOVkgi^^^ 
- . 3.0, :17,5 gms.-^f- KOH,"il0.ces; -of distilled ,.em?_at 150°:Ci ^f or.. -^0 ininutes" yi^^^ an - 

: wattt* - thaf--6f solution C is 15; eesl of elastic conductive product having- i 'sped^c*- - 
' \ . hydrazine hyidrate, 39 ccs.. of distilled- water, .-resistance^of -200Qdcm. r -.-v-- .:.* ':- *' ■ 
.33ie copLjpet'is predpi;^tM ^b^ :; . ; --- ; Exaau>lE'5^ 95 . 

■ the polj^er^-by treatment' wjth the mixture: -.Graiiulai polyvinyl .clJoride hav^ . 

■ 3j5: of the solinibns for-'two 'hours?' wh^^ heating - tent of plasticisS of 50% avera^d-pH poly- - 

' on a water-vbath. A xod':pbmined. from _the . yiiy^l chloiidea^^^^ -1.0% • . : ../^.- 

. copper-platedgraiiis i^^^ V 

. . .a^ :a pressme of :J:QO- 5gms/am^ ^ ^qq ' - 

; specific lesistaric^ - 'r .the carbon coated' g^^ . 

. 40 - -" Example nr. -"-.^ ■ prpduef ^haying . :qDe^ : 

'■' Polymer -^ams" are - iuci^^ the .. 6pb0flcmi' . v. - ■:/•:•:> 'l* * . ; •:: 

: . use of a mixuire of three^ solutions -A, B arid ; . : - J'- Example VIH -\ ■ " ■ ' ■ - >- ^: i 
■ ..-.: .C ii' quantities :of 3.0 c^,;30-cra^^ CCS. j-Granular alkaline'- prespl-resior^^^ V- y- 

• . ' .iJrespectivelyj T^e: composition of 'soiution A,.is , the.-paitiai.. condensatibVVf* Va^*>l van- ^: :\ 
: ■■ J .45 750 gins^ -of iick^ . ac^tate^ 7200:':'qcs: of conr. aldehyde -in a£ ^aJkaline . whiph ' ".- 

- . . qentratedl ammonia, 360 .:<xSi— .of; -distilled:, resin [is added a^hardcnpig. agoit "C,g.v^:he^^ . 
- W . . '^y^- -Soliitibn B is * a - 281% ^solution • 'of 'methylene tetramipe,-is a)g^ with: carbt^ fey . ' 

hydrazine :l^dEitespluti6i^.soiti^^ carefuUy;: rubbing", the .re^^ lio 

' : a p.l^%:^ sblution of ' potassium pbtirium" . gi&tiierVin' a! b^^i^ 

" 50 .. . chloride ^hichfacts as k ^atalyst. 5' ^ms. of carbon coated Wsin-^aim^ ^-ith^^-pr&ed" " }' - , . 
- powdered j)olysiynKieVw size pf-.'.ijndcr .a pressure- of jnnavjrgTnyrh^ • ■ ' '-['j^i:.: 

* approximatdy 6.04 mm.'are -treated for -one minutjK at.i76*'tjt^ 

• -V - -'hour at 75 * C with' the .hnxtiire of the- solu- . 2.5. inms, tiiidc. iBt. order , to^ -^iir an idea- df U5 . - . 
. - = - j -tiohs. A\fod -moiilded "at l'7^ jMid .under . "the uifiuaice'exmed "by ^ size : of griin. on 

: 55.- -•.,a.:^pressii^^ .Jatter was. - . - ' 

:.; : tesisten^ of appro . measured on- plait^s- fi^^ ' - " ' " • ■ 

- " -v'i- !' ?^'^ -^j.- xia^i-'ap^i: Siflferait. k 

. . : : 30 : gmi joiF grantilar^pol]^^ are care^ ' size - ' and slightly- 3^iying. * 120 . '~ :V 

. ' •.. .f6Uy nibbed ^PgethcT Mtii 5 gfrisV-of rgraphite' MoreoverV isev^eral-- ihechani^^ .chmcteristics * ' 
'60.- powdar for'.hatf an' hqurv while-,-^^^^^ -tO: rwd?e measured;. Tfe^^ .. 
: . :150; C, thus cbyeririg^tiie 'p^^ ... " -. 

/ : ' . "t^dth layers.: ;pf; m . . . 
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Grain Diameter 

in nun. *% carbon 



03 to 0.6 9 8 

5 0.3 to 0.21 9.9 47 

smaller than 0.21 12.5 200 

What we claim is: — 
1. A method of producing eiectrically am- 
ductive mouldings ^m plastics, charaaerized 
10 m that plastics are reduced to grams^ the 
individual grains being provided mth om- 
ductive coatings and the powder thus obtained 
being subsequently piessed to mouldings while 
heating. 

15 2. Moulding produced by tiie method daim 



Impact Impact Bending 

Strength Bending Strength 
kgcm/cm^ kgcm/cm* kg/cm 



0.69 2.6 310 

0.69 2.6 310 

1^ 7.0 510 

in daim 1. 

3. A method of producing eiectrically con- 
ducdve mouldings substantially as described 
in any one of tte exam ples given herein. 
T. D. THSEADGOLD/ 
Gharteced Patent Agents, 
Gentory House, Shafte^ury Avenue, 
London, W.C.2, 
Agent for the Applicants. . 
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. ./>.«/, .-jiti i ♦■(j{t iOi s.-ft jty's Statioaeiy Office, by the Courier Freas. — 1955.* " 
... ijic > ;'at nffieo. 25, Southampton Buildings, London, from -which ^' 

.■opico may be obtained. 
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THE PATEl^J r OFFICE, 
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tONOON. W.C.2. 
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